arXiv:hep-lat/0512010v3 2 Nov 2006 


PROCEEDINGS 

SCIENCE 



The Z(2) gauge model revisited: 
as a possible testbed for the confinement and chiral 
symmetry phase transition of SU(2) lattice gauge 
theory 


Shinji Hioki* 

Department of Physics, Tezukayama University, 7-1-1 Tezukayama, Nara 631-8501, Japan 


E-mail: hioki@tezukayama-u .ac.jp 


Adopting the cooling technique to smooth the discontinuous Z(2) lattice gauge field, we found 
that on SU (2) gauge configurations obtained by this smoothing there exists clear discontinuity 
of the topological property at almost the same point as the confinement-deconfinement phase 
transition of the original Z(2) gauge theory. This observation suggests the possibility that Z(2) 
gauge model might be a testbed for analyzing the relation between the confinement and the chiral 
phase transition in which the topological objects are believed to play crucial roles. 


XXIV International Symposium on Lattice Field Theory 
July 23-28 2006 
Tucson Arizona, US 


* Speaker. 


(c) Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. 


http://pos.sissa.it/ 









Z(2) gauge model revisited 


Shinji Hioki 


1. Introduction 


Both color confinement and chiral symmetry breaking are the important non-perturbative as¬ 
pects of QCD and are believed to have an strong connection with the gauge field topology ii- 
For fhe mechanism of color confinemenf, abelian degrees of freedom which obfained affer fhe 
gauge fixing ijH], seems fo play a crucial role fhrough fhe dual Meissner effecl [|IS0i- For ex¬ 
ample in fhe maximal abelian gauge |||], fhe abelian dominance has been found [^, |T^, in which 
fhe string tension can be almost reproduced by abelian field only. Alfhough fhe reproducibilify 
is nof perfecf O’ fhis feafure is called as "abelian dominance" for confinemenf. Nof only fhis 
abelian dominance buf also "monopole dominance" was noficed [ [T^ , |T3| ]. There is a evidence 
for fhe condensafion of monopoles in fhe confinemenf phase soil- Furthermore fhe effecfive 
acfion was successfully consfrucfed by fhe monopole field in which fhe siring tension can be repro¬ 


duced by monopole confribufions only [16]. In fhe case above fhe topological objecf is "abelian 
monopole". 

There is also anofher candidate fhaf seems play crucial role for confinemenf. This is fhe cenler 
of fhe gauge group. For SU{2) case, fhe center is Z(2). Jusl like as "abelian dominance", "cen¬ 
ler dominance" is also observed. The siring lension consfrucfed from only Z(2) variables carries 
almosl part of SU{2) siring tension [|T7|]. In fhis case, fhe topological objecf is "center vortex". 


[18] 


If fhe lopological objecls menlioned above, abelian monopole and center vortex, play signifi- 
canf role for confinemenf, Ihese Iwo should be unified. There is an argumenf along fhis direcfion, 
buf the final conclusion has not been performed yet [|g^,^. 

For the chiral symmetry breaking, instanton is expected to play important roles. Instanton 


is related to the axial f/(l) anomaly [g^ Q, and is also associated with a zero mode of the 
Dirac operator ill]- There is a lattice data which suggests the local correlations between the 
topological charge and the chiral condensate [|2^. 

Finite temperature lattice gauge simulations suggest that the color becomes deconfined and 
chiral symmetry is restored at the same critical temperature [^. This might suggest that these 
two aspects of QCD, confinement and chiral symmetry breaking, can be explained in a unified way. 

It is noted that the correlation between monopole and chiral symmetry breaking was observed 


in the maximal abelian gauge [28|. 


On the other hand for center degrees of freedom, it is proved by a numerical experiment that 
the center vortices are responsible for confinement and chiral symmetry breaking [ ^ , Q. When 
the center vortices are removed from SU (2) configurations, confinement is lost and chiral symmetry 


is restored. Recently the importance of center has been accumulated QISQ. 

Is is stressed that it is very hard to investigate the topology directly on center projected config¬ 
urations because of the inherent discontinuity of Z(2) link variables [|^]. 


2. Z(2) gauge model as an effective model of SU (2) 


The success of center degrees of freedom, in which physical observables in SU (2) such as 
the string tension can be well reproduced by Z(2) variables only, implies the possibility that there 
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exists the effective action Seff{Z 2 ) by which the confinement and chiral symmetry breaking can be 
explained. It is highly expected the appearance of such effective action |^]. 

Suppose p^({Z 2 }) is the distribution function obtained after the center projection of the orig¬ 
inal SU (2) configurations. If we assume the shape of the effective action of Z(2): S[jf{Z 2 ), using 
free parameters, we can ideally tune these parameters in 5^"^ (Z 2 ) such that the distribution gener¬ 
ated by 5^//(Z 2 ) satisfies, p'^({Z 2 }) oc exp{-S*Jlf {Z 2 )). 

If Ibis can be successfully applied, S’Jjj{Z 2 ) is nofhing buf Seff{Z 2 )- 
If looks very imporfanf fo fackle Ibis problem, however, we do nol go further in fhis leffer. 
Insfead we will revisif fhe Z(2) gauge model which was exfensively sfudied as fhe effecfive 
fheory of confinemenl ^ 35]. 


The action of fhe 4 dimensional Z(2) gauge fheory can be wriffen as ( we adopf fhe simple 
plaqueffe action ), Sz 2 = -p T,z^i{n)zvin +iJ,)z^{n + v)zvin). 

where z^{n) is Z(2) link variable ( 1 or — 1 ) defined on fhe sife n having fhe direction p. The 
sum is over all plaqueffes. This sysfem has a phase fransifion af pc — 0.44, fhe confinemenl phase 
is al j3 < Pc whereas fhe deconfinemenl phase is af j3 > Pc- 

Lei us suppose fhal fhe Z(2) gauge model is fhe one obfained from SU (2) gauge configurafions 
after fhe center projeclion, i.e. Seff{Z 2 ) ^ Szj If this is the case, there should be remnants of SU (2) 
gauge system in Z(2) gauge configurations generated by Szj- 

We know, strictly speaking, this is not the case, however, it is very important to check whether 
there is a similarity between Seff{Z 2 ) and Szj or not. 

It is stressed that the center projected configurations have strong connection with the gauge 
field topology p^. If there might be remnants of SU (2) gauge system in the Z(2) gauge model, 
we can see the topological remnants also in the Z(2) gauge model. 

The main purpose of this paper is to investigate the existence of the topological remnants in 
Z(2) gauge model and it’s correlation with the phases of Z(2). 

As noted in ref. |3C], in order to investigate the topology in the discrete Z(2) gauge configu¬ 
rations, we need to smooth the discontinuous Z(2) variables. 


3. Smoothing the Z(2) hy Metropolis type cooling 

It is obvious that the discontinuity of center projected Z(2) variables originates from the center 
projection, f.e SU{2)^Z{2). 

Smoothing is expected to do the reverse of the projection above, 

Z{2)^SU{2), 

such that it should not create any additional disorder keeping long range topological properties. 

In other words, the center projection can be regarded as the removal of the off-diagonal part. 

In this sense, the smoothing is the creation or introduction of the off-diagonal elements from the 
diagonal Z(2) variables. 

It is well known that the cooling removes the short range disorder preserving the non-perturbative 
part of the configuration, and is successfully applied to extract the topological charge on the lattice. 


For this reason we adopt the cooling technique to smooth the Z(2) variables. 


[36, 37, 


3 













Z(2) gauge model revisited 


Shinji Hioki 


In general, eooling is performed by the sueeessive loeal minimization of aetion. In SU (2) ease 
loeal minimization is realized by replaeing the link U^{n) by 

U’Tin) = £ U^{n)U^{n + v)Ul{n + ^)/k, (3.1) 

v^H 

k is a normalization faetor sueh that € SU (2). 

In this heatbath type eooling, aetion will maximally deerease loeally. So it is far from the 
smoothness we want. 

Furthermore it is obvious that this proeedure ean not ereate any off-diagonal part from diagonal 
matrix. 

Instead we adopt Metropolis type eooling in whieh the new trial link is defined as, 

U;^^{n)=RU^{n), (3.2) 

Vi + kr 

where / is a unit matrix and r is a random veetor with small length (|rp < e) sueh that the SU (2) 
matrix R should distribute around unit matrix to ensure the smoothness of this proeedure. We 
aeeept new link f7”®'^(n) iff aetion deereases. 

Smoothing is defined as follows: 

Lef {z} is fhermalized Z(2) eonfigurafion and z^{n) denotes a link variable on {z}. 

(1) Smoofhing sfarfs selling SU (2) link variable U^{n), U^{n) <— z^(n) I, for all n and /r, 
and Ihen, 

(2) apply eooling lo Ihe SU (2) eonfigurafion {U}. 

If is noled lhal we do nol apply eooling direefly lo Z(2) gauge Iheory. 

4. Lattice calculation of the topological charge 

We prepare well fhermalized Z(2) lalliee eonfiguralions of size 16^ al j3 = 0.2,0.3,0.4,0.43 
( eonfinemenl phase ), 0.45,0.5,0.6 ( deeonfinemenf phase ). Al eaeh j3, 400 eonfiguralions sep¬ 
arated 500 updaling sweeps are used. For eaeh eonfigurafion, smoofhing by eooling leehnique is 
applied up lo 500 smoofhing sweeps measuring simullaneously Ihe lopologieal eharge Q defined 
Q— 32;r2 ^^g.vpaU\P^v{tT-)Ppa{t^y\', 
where Pfivin) = U^{n)Uv{n + n)Uji{n + v)Ul{n). 

The smoofhing parameler e is sel fo e = 0.03. 

Fig.l shows Ihe lypieal smoofhing history of Q. For Ihe early slage of smoofhing, Q is nol 
slable refleeling Ihe diseonlinuily eoming from Z(2). On Ihe olher hand as smoofhing goes on Q 
becomes slable. 

For Ihe almost configurations having non-vanishing Q, we observed that Q becomes stable 
after several hundred smoothing sweeps. So we adopt the value 2 at 500 smoothing sweeps as the 
value of the topological charge. 

We have checked that the result is almost the same for smaller e (£ < 0.1), whereas the con¬ 
vergence of Q gets worse for larger £ (£ > 0.1) indicating the onset of disorder in eq.6. 

The technical details about the calculation will be published elsewhere. 
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Fig.2 shows < > at various jS. Clear discontinuity of < 2^ > can be seen around j3c which 

is the critical j8 of Z(2) gauge theory. < 2^ > is finite for j8 < jSc and < 2^ > is consistent to be 
0 for j8 > Pc- This means that chiral symmetry is broken in the confinement phase whereas it is 
restored in the deconfinement phase. 

This feature is very similar to that in SU (2) gauge theory at finite temperature. The result 
shows that the existence of the topological remnant in Z(2) gauge model as expected. 

Compared with SU (2), Z(2) seems easy to handle, so the Z(2) gauge model should be revisited 
as for the testbed to investigate the connection between confinement and chiral symmetry breaking. 

5. Summary and Discussion 

We found the existence of the topological remnants in Z(2) gauge model. It is also observed 
that the topological nature changes drastically at the critical point of Z(2) gauge model. < 2^ > is 
finite in the confinement phase and consistent to zero in the deconfinement phase. 

Metropolis type cooling is introduced to smooth the discontinuous Z(2) gauge variables and 
successfully applied to extract the topology. 

Present result suggests that the Z(2) gauge model with simple plaquette action might be the one 
obtained by center projection from SU (2) preserving the non-perturbative nature of confinement 
and chiral symmetry breaking. 

6 


4 


2 

0 


-2 


-4 

0 100 200 300 400 500 

smoothing sweeps 

Figure 1: Topological charge Q as a function of smoothing sweeps. Q seems unstable for the early stage of 
smoothing reflecting the discontinuity of Z(2) at the starting point. 
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It is very important to apply the appropriate smoothing, beeause the result obtained may de¬ 
pend on the way of smoothing. It is desirable to clarify the smoothing dependence or smoothing 
independence in near future. 

Revisiting the Z(2) and analyzing the nature of Z(2) may reveal the non-perturbative nature of 
non-abelian gauge theories. 
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